INTRODUCTION {#sec1-1}
============

Schizophrenia is a psychiatric disorder characterized by multiple symptom domains, and it has a heterogeneous outcome.\[[@ref1]\] A cardinal clinical feature of schizophrenia has been the absence of insight in patients. The International Pilot Study of Schizophrenia in different cultures conducted by the World Health Organization proved this by demonstrating that 50%--80% of patients with acute and chronic schizophrenia had "lack of insight" either partially or totally.\[[@ref2]\] The current consensus regarding understanding insight is of a multidimensional phenomenon encompassing awareness of a particular disorder, including specific signs and symptoms, attributing these to the particular disorder, awareness regarding the need for treatment, and understanding its social consequences.\[[@ref3]\] Impaired insight has been investigated through various approaches as a symptom of the disorder specifically illness severity, due to cognitive deficit or to the neuroanatomical deficit.\[[@ref4][@ref5]\] Another approach to understanding insight has been using the concept of cognitive insight which refers to the cognitive processes involved in self-reflection of one\'s abnormal experiences and the ability to modify dysfunctional beliefs and misinterpretations.\[[@ref6]\] Poor insight has been found to be associated with medication nonadherence, higher risk of relapse, and rehospitalization.\[[@ref7][@ref8][@ref9]\]

The research on the relationship of insight with clinical symptoms has been conflicting. There has been evidence indicating an inverse relationship between insight and clinical symptoms.\[[@ref10][@ref11][@ref12]\] In a meta-analysis, a small inverse relationship between insight and global, positive and negative symptoms was reported and this was greater during the acute phase of the illness.\[[@ref4]\]

Cognitive deficits have now come to be considered as an independent symptom domain of schizophrenia observed in \>80% of the patients.\[[@ref13][@ref14][@ref15]\] This has been found to be persistent throughout the illness, is present irrespective of other symptoms and medication status and has an effect on the overall outcome.\[[@ref16]\] The most commonly replicated findings on cognitive deficits include impairments in executive functions, verbal and visual memory, visuospatial ability, working memory, and verbal fluency.\[[@ref17][@ref18]\] Specific cognitive domains such as attention, executive functions, learning, and problem-solving abilities have been found to have an effect on functional outcomes.\[[@ref19]\]

Insight impairment has found to be associated with multiple cognitive deficits measured through neuropsychological methods. The most widely reported finding in research related to insight and cognitive functions has been impaired Wisconsin Card Sorting Test (WCST) performance.\[[@ref20]\] A recent meta-analysis found insight to have a small but clinically significant relationship with total cognition, intelligence quotient (IQ), memory, and executive functions.\[[@ref5]\] Studies done in India have found a positive association between insight and executive functioning but have used varying measures of insight; clinical and cognitive, divergent cognitive test battery and have not controlled for IQ.\[[@ref21][@ref22][@ref23]\] However, results have been inconsistent in insight-related research.

The inconsistencies in research in this area can be explained by multiple factors. Many studies have included a heterogeneous sample containing both schizophrenia and schizoaffective disorder. The findings could also be influenced by the stage of illness in the study population whether it is first-episode schizophrenia or chronic schizophrenia. A heterogeneous sample and the stage of illness of the study sample are bound to affect the outcome of the results. Some studies have used the single domain for the assessment of cognitive dysfunction which may not be sufficient in disorder like schizophrenia where the nature of cognitive deficits is in multiple domains. Therefore, studies involving a homogeneous sample of stable schizophrenia patients using a comprehensive battery of neuropsychological tests assessing executive function, attention, working, visual and verbal memory, and general cognitive ability using IQ tests is necessary to further understand this complex relationship of insight with both clinical and neurocognitive deficits.

This study seeks to systematically and thoroughly evaluate the clinical and neurocognitive correlates of insight in schizophrenia.

MATERIALS AND METHODS {#sec1-2}
=====================

Participants and setting {#sec2-1}
------------------------

The participants for this study were recruited from a tertiary care teaching hospital and from the community sources within the city of Bangalore in Southern India over a period of 2 years. The diagnosis was made based on the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision criteria\[[@ref24]\] and the diagnosis was concurred by two experienced psychiatrists. The patients needed to have the illness for a period of at least 1 year and were on stable antipsychotic dosage for the past 3 months. They were required to have completed at least 12 years of formal schooling and be proficient in English. This was chosen to ensure adequate premorbid cognitive functioning. Patients with comorbid neurological and psychiatric disorders (except nicotine dependence), those who were disturbed and underactive inpatient treatment and those having uncontrolled medical illness within the previous 2 months were excluded from the study. The Institutional Ethical Review Board approved the study. The study was conducted in accordance with the ethical guidelines laid down by the Declaration of Helsinki.

A total of sixty patients diagnosed with schizophrenia were recruited for the study after taking written informed consent. Patients were evaluated using a semi-structured interview to assess demographic and clinical features. Data were obtained from a combination of patient interviews, medical records, and structured assessments. The clinical and cognitive assessments were made in English.

Clinical assessments {#sec2-2}
--------------------

The current level of psychopathology was assessed using the Positive and Negative Syndrome Scale (PANSS), a 30-item rater administered scale for measuring positive symptoms (PANSS P), negative symptoms (PANSS N), and general psychopathology (PANSS G).\[[@ref25]\] We used the Schedule to Assess Insight-Expanded version (SAI-E), a 7 item semi-structured scale for the assessment of insight.\[[@ref26]\] The SAI-E has three factors-awareness of a disorder, treatment compliance, and ability to relabel unusual events as pathological.\[[@ref27]\]

Cognitive assessments {#sec2-3}
---------------------

The following tests were employed for cognitive assessment:

Bhatia\'s battery of performance tests of intelligence-- Short Scale was used for the assessment of IQ.\[[@ref28]\] Digit vigilance test was used to assess sustained attention and psychomotor speed.\[[@ref29]\] WCST was employed to assess executive functions specifically cognitive flexibility and attentional set-shifting.\[[@ref30]\]

The category fluency test assesses verbal fluency.\[[@ref29]\] Rey-Osterrieth complex figure test was used to measure nonverbal memory.\[[@ref31]\]

The Rey Auditory Verbal Learning Test was used to measure verbal memory.\[[@ref32]\]

Verbal N-Backtest (with 1-back and 2-back versions) was employed to examine working memory performance.\[[@ref33]\]

Statistical analysis {#sec2-4}
--------------------

Initially, descriptive statistics were calculated for basic demographic and clinical variables such as age illness duration, IQ scores, PANSS scores, and SAI-E scores for insight and also for neuropsychological parameters. Partial correlation was calculated to assess the relationship of clinical variables such as PANSS scores, SAI-E scores, age, and illness duration with neuropsychological parameters after controlling for IQ. Bonferroni correction was performed to control for multiple comparison testing and to avoid type 1 errors. Subsequently, *P* value of 0.004 was considered (dividing alpha value of 0.05 with 12 comparisons). Finally, linear regression was used to evaluate the predictors of insight with significant clinical variables such as PANSS positive and negative scores, IQ, age, years of education, and neuropsychological test of significance in correlation analyses.

RESULTS {#sec1-3}
=======

In this study, sample of sixty participants, there were 37 males and 23 females. The mean total SAI-E score is 8.5. The mean clinical and demographic values of the study sample are given in [Table 1](#T1){ref-type="table"}. The performance scores of various neuropsychological parameters are given in [Table 2](#T2){ref-type="table"}.

###### 

Demographic and clinical variables (*n*=60)

  Variable                        Mean±SD (range)
  ------------------------------- ------------------------
  Age (years)                     37.77±9.68 (18-55)
  Duration of education (years)   14.52±1.85 (12-17)
  IQ                              99.36±18.44 (56.5-138)
  Duration of illness (years)     12.28±8.96 (1-34)
  PANSS total score               65.80±13.85 (35-102)
  PANSS positive                  14.17±4.89 (7-25)
  PANSS negative                  17.38±5.00 (8-32)
  PANSS GP                        34.25±6.79 (20-53)
  SAI-E total score               8.50±2.86 (1-13)

IQ -- Intelligence quotient; PANSS -- Positive and negative syndrome scale; SAI- E -- Schedule to assess insight; GP -- General psychopathology; SD -- Standard deviation

###### 

Neuropsychological parameters

  Neuropsychological parameters   Mean±SD (range)
  ------------------------------- ----------------------
  WCST (total errors)             50.30±26.48 (6-97)
  WCST (perseverative errors)     34.17±26.13 (4-95)
  Attention errors (DVT)          18.77±28.67 (0-146)
  Category fluency                11.05±3.18 (4-18)
  Verbal 1 back errors            1.28±1.64 (0-7)
  Verbal 2 back errors            4.17±2.48 (0-9)
  RAVLT immediate recall          8.27±3.06 (1-14)
  RAVLRAVLT delayed recall        7.93±3.42 (2-15)
  RAVLT recognition trial         13.38±2.06 (6-16)
  RCFT copy                       31.07±5.73 (15.5-36)
  RCFT immediate recall           13.34±7.42 (1-30)
  RCFT delayed recall             13.38±7.29 (1-29)
  RCFT recognition trial          19.52±6.93 (14-70)

WCST -- Wisconsin card sorting test; DVT -- Digit vigilance test; RAVLT -- Rey auditory verbal learning test; RCFT -- Rey's complex figure test; SD -- Standard deviation

As shown in [Table 3](#T3){ref-type="table"}, insight and WCST performance scores (total and perseverative errors) were found to be significantly negatively correlated after controlling for IQ, indicating that better performance on this task indicated better insight. There was no correlation between insight and the other neuropsychological test scores.

###### 

The relationship of insight scores with clinical and between neuropsychological parameters

  Neuropsychological parameters   SAI-E total (*r\*, P*)
  ------------------------------- ------------------------
  WCST (total errors)             −0.43, 0.001
  WCST (perseverative errors)     −0.47, \<0.001
  Attention errors                −0.30, 0.02
  Category fluency                −0.01, 0.92
  Verbal 1 back errors            −0.17, 0.92
  Verbal 2 back errors            −0.06, 0.65
  RAVLT immediate recall          0.25, 0.06
  RAVLT delayed recall            0.12, 0.37
  RAVLT recognition trial         0.29, 0.03
  RCFT copy                       0.16, 0.22
  RCFT immediate recall           −0.03, 0.83
  RCFT delayed recall             0.006, 0.97
  RCFT recognition trial          −0.006, 0.96

Partial correlation analysis was performed controlling for the effects of IQ score. \**P*\<0.004 is considered as statistically significant. DVT -- Digit Vigilance Test; WCST -- Wisconsin Card Sorting Test; RCFT -- Rey's complex figure test; RAVLT -- Rey auditory verbal learning test; IQ -- Intelligence quotient; SAI-E -- Schedule for Assessment of Insight -- expanded version

Both PANSS total (*r* = −0.400 *P* = 0.002) and negative scores (*r* = −0.391 *P* = 0.002) were also found to be negatively related to insight scores after controlling for IQ. However, PANSSS positive was not significantly related (*r* = −0.349 *P* = 0.007).

In the linear regression model, PANSS positive and negative scores, IQ score, age, years of education, and WCST perseverative errors were entered as covariates with SAI-E score as the dependent variable. This model revealed that WCST perseverative errors (B = −0.04; *P* = 0.004; confidence interval = −0.07 to − 0.02) predicted insight.

DISCUSSION {#sec1-4}
==========

The present study examines the clinical and neurocognitive correlates of insight in patients with schizophrenia.

Both the total and negative symptom scores were found to be inversely related to insight scores. Hence, implying as expected that more severe clinical symptoms were associated with lower the insight. Similar to our results, previous studies have reported that insight was inversely related to negative symptoms.\[[@ref34][@ref35]\] However, in contrast to the study results, there are reports of positive symptom scores being related to insight.\[[@ref10][@ref12][@ref36]\] A modest inverse relationship between insight and global, positive and negative symptoms was reported in a meta-analysis and this was greater during the acute phase of the illness.\[[@ref4]\]

In comparison to the positive symptoms, the negative symptom scores in PANSS were higher in our study population. Patients with persistent negative symptoms have been reported to have a higher degree of impairment in cognitive performance.\[[@ref37]\] In a study assessing insight in schizophrenia patients, insight correlated with positive symptom scores in both treated and untreated patients.\[[@ref11]\] However, negative symptom scores were noted to be related to poor insight only in patients who had received treatment.\[[@ref11]\] The authors hypothesized that there could be a subgroup of patients with treatment-resistant traits of negative symptoms and impaired insight. Hence, treatment response/nonresponse would enable in identifying this subgroup, hinting toward a shared neurobiological underpinning for both insight and negative symptoms which can be explained by hypofrontality.

Cognitive deficits have increasingly come to be considered as an independent symptom domain of schizophrenia observed in \>80% of the patients and can lead to overall poor functional outcome.\[[@ref13][@ref14]\] It predates the onset of schizophrenia symptoms and has also been demonstrated in unaffected first-degree relatives.\[[@ref38][@ref39][@ref40][@ref41]\] It has been proposed that though cognitive deficits in schizophrenia may be generalized, more significant deficits occur in certain cognitive domains such as executive functioning, working memory, attention, episodic memory, and verbal fluency.\[[@ref17][@ref38][@ref42][@ref43][@ref44][@ref45][@ref46][@ref47]\] Executive function impairment has been found to be one of the most consistently replicated cognitive deficits in schizophrenia.\[[@ref48]\]

The main finding of this study is that after controlling for the effects of IQ, among the various cognitive functions in schizophrenia, only WCST perseverative errors in the cognitive flexibility task were found to be inversely correlated with insight. Executive function impairment has been found to be one of the most consistently replicated cognitive deficits in schizophrenia, thus representing frontal lobe dysfunction as demonstrated by imaging studies.\[[@ref48][@ref49][@ref50]\] However, it was also demonstrated that among all the clinical and cognitive parameters, WCST perseverative errors is the only parameter which predicted insight. We found that among the cognitive deficits, only WCST perseverative errors negatively correlated with insight scores and could also be a predictor of insight. This is in line with existing research in this field.\[[@ref34][@ref51][@ref52]\] As per a review, WCST performance impairment with poor insight has been a mostly consistently replicated findings in research related to insight in comparison to other cognitive measures such as verbal fluency, memory, and IQ.\[[@ref20]\] However, a recent meta-analysis, reported a smaller effect size for WCST perseverative errors in comparison to previous work.\[[@ref5]\] Our sample was selected for premorbid adequate education. On separating those individuals who currently scored IQ \<70, the WCST-Insight relationship continued to be significant. This is a major strength of our study.

WCST assesses cognitive flexibility by testing the ability to generate and shift sets in along with correcting errors. An earlier study had reported that patients who have a lesser degree of awareness regarding their illness had higher WCST perseverative errors.\[[@ref53]\] Hence, impairment of insight could be reflective of underlying deficiencies in cognitive flexibility and concept formation as evidenced by WCST perseverative errors. This study did not find a correlation between insight and other neuropsychological tests. This is similar to various other studies and reflects the lack of consistency in the findings pertaining to various cognitive deficits associated with insight.\[[@ref5][@ref54]\]

The fact that executive function has a relationship with insight might indicate a shared neurobiological basis for these dimensions of the illness. Insight and executive functioning have a strong association; whether there is a causal relationship is not very clear from our study. Understanding these relationships could help testing whether remediation strategies could also improve insight and cognitive deficits.

The strengths of our study include having educated (atleast 12 years of formal schooling) subjects as a proxy for adequate baseline general cognitive ability, a homogenous sample of stable schizophrenia and also the use of an extensive battery of neuropsychological tests that can measure multiple cognitive domains. The limitations of our study include nonassessment of cognitive insight, absence of a control group, cross-sectional nature, and examining the participants on medications. However, confirmation that insight and WCST perseverative errors are related indicates that treatment options such as cognition-enhancing medications and cognitive remediation might be beneficial in improving insight. These aspects warrant further prospective systematic studies.
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